(RECEIVED FOR PUBLICATION AUGUST 12, 1958) Many methods have been designed for estimating the erythrocyte sedimentation rate (E.S.R.), but the method of Westergren (1921) seems now to be the most widely used (Dacie, 1956) . It has been preferred by several workers (Davis, 1946; Gilmour and Sykes, 1951; Goldberg and Conway, 1952; Goldberg, Glynn, and Bywaters, 1952) because it was felt to reflect the changes due to disease more accurately than the other methods, notably that of Wintrobe and Landsberg (1935) . This preference has been endorsed recently by Galbraith and Jones (1958) , who showed that high sedimentation rates could be found with the Westergren technique when the Wintrobe E.S.R. was normal or only slightly raised.
The only practical difficulty in estimating the E.S.R. has so far been the need to set up the sedimentation tubes within a fairly short time of withdrawing the blood. Many workers have observed that allowing the blood to stand, even for a few hours, is attended by progressive retardation of the rate of sedimentation (Boerner and Flippin, 1935; Cooper, 1926; Dorfman and Brooks, 1937; Gilligan and Ernstene, 1934; Ham and Curtis, 1938) . Nichols (1942) stated that the general consensus of opinion was that delay in measuring the sedimentation of a sample might cause retardation of the rate. The maximum amount of permissible delay reported was variable, from a " few " to " several " hours. Wintrobe, describing his own method in 1951, stated that the blood should be used within two hours of collection for the determination of the E.S.R. Hadley and Weiss (1955) noted that the E.S.R. of stored oxalated blood was obviously unreliable.
One exception to this general retardation of the E.S.R. was pointed out by Koster (1937) , who observed in cases of carcinoma and lymphogranuloma that the E.S.R. after blood had been stored for 24 hours showed no change. This was confirmed by Feldman (1940) .
Nichols (1942) suggested that the retarding effect of delay in setting up the blood for measuring the E.S.R. might bear some relationship to the kind of anticoagulant used, and also to the temperature at which the blood samples were kept.
Present Investigation In view of Nichols' suggestion, it was decided to investigate the sedimentation rate of both fresh and stored blood, using a modified Westergren technique incorporating sequestrene as the anticoagulant. Sequestrene (the disodium salt of ethylenediamine tetra-acetic acid) was first described by Dyckerhoff, Marx, and Ludwig (1942) . Its use in routine haematology was described by Proescher (1951), Hadley and Larson (1953) , Schmidt, Hane, and Gomez (1953), Wittgenstein (1953) , and Hadley and Weiss (1955) . As of the blood, and in no case later than two hours after venepuncture, the sequestrene blood was mixed by manual inversion and rotation for three minutes (except where stated this mixing method was used throughout this work) and 4 ml. of this blood was added to another test tube containing 1 ml. of the sodium citrate solution (tube B). The contents of tube A were then mixed, and a pair of Westergren E.S.R. tubes filled from it and set up in the E.S.R. rack. The same procedure was carried out with the contents of tube B. The four sedimentation rates were read by one of us after one hour.
The rack was at first fitted with two spirit levels to ensure that the E.S.R. tubes were vertical. Later this device was abandoned in favour of a simple plumb line hanging from the top bar of the rack.
Comparison of E.S.R. of Fresh Blood and of Blood Stored for 24 Hours Using Sequestrene-citrate Technique.-Twenty-five 10 ml. samples of venous blood were collected and added to bottles containing 10 mg. of dried sequestrene. After mixing, 4 ml. blood was taken from each sample and diluted with 1 ml. of 3.8% sodium citrate solution in a test tube.
The contents of the test tube were mixed and two Westergren E.S.R. tubes filled from it and set up. The sedimentation rates were read after one hour.
The remainder of each original blood sample was stored in the refrigerator at temperatures varying between 5 and 10°C. After about 24 hours the stored blood was mixed by rotation in a mechanical mixer (Matthews, 1951) for at least 10 minutes. Four millilitres was then added to 1 ml. of the sodium citrate solution, mixed, and replicate estimations of the E.S.R. carried out as above. The stored blood The results were so closely comparable that we accepted that the sequestrene-citrate modification provided an accurate method of estimating the Westergren E.S.R.
From Table II it is seen that in 23 samples the difference between duplicate sedimentation rates of fresh sequestrene-citrate blood was 2 mm. or less. The greatest difference was 4 mm. in sample No. 42 (range of 58.5 to 62.5 mm.). The duplicate estimations on the stored sequestrene blood showed no difference greater than 2 mm. The maximum differences between means of sedimentation rates of fresh blood and stored blood are shown in Table III .
In 15 of the samples in experiment 2 the difference of the mean E.S.R. of fresh and stored blood was 2 mm. or less, in four samples it lay between 2 and 3 mm., and in one sample it was 4 mm. Despite the close comparability of these 20 results, and despite the satisfactory analysis of variance, some further consideration must be given 2AN D. MELVILLE and BASIL M. RIFKIND Hadley and Larson (1953) of the E.S.R. of blood, some of which had been treated with oxalate and the rest with sequestrene. They found no significant differences in 26 comparisons. Proescher (1951) had observed that if sequestrene blood was stored at 50 C. the E.S.R. remained about the same for several days provided that the blood was re-mixed without excessive shaking. Hadley and Weiss (1955) stored sequestrene blood for 24 hours and noted that the E.S.R. was considerably less affected by the storage than was the E.S.R. of stored oxalated blood.
In the present investigation, with a modified Westergren technique, it has been shown that the storage of sequestrene blood for 24 hours at 5-10°C. had no effect on the E.S.R. of 20 out of 25 samples. The storage was followed by a clinically insignificant slowing in four samples and by a moderate acceleration in the remaining one.
The introduction of the sequestrene-citrate method, therefore, obviates the need to dilute blood in sodium citrate at the bedside, as in the standard Westergren method, and the E.S.R. can be reliably estimated after a blood sample has been stored for 24 hours. The modified method would be of particular value in hospital outpatient departments, or possibly as part of a clinical laboratory service for general practitioners. It will be noted in passing that a complete blood examination, including an E.S.R., can be carried out on one sample of sequestrene blood.
Summary
The retardation of the E.S.R. which is seen when blood is stored is thought to be related to the anticoagulant used and to the temperature at which it is stored. Sequestrene, a recently introduced anticoagulant, has been used in a study of the E.S.R. of fresh blood and of blood stored for 24 hours at 5 to 100, using a modified Westergren technique. The E.S.R. of blood treated with sequestrene and then added to sodium citrate solution does not differ from the classic Westergren E.S.R. Storage of sequestrene blood as outlined above makes no appreciable difference to the E.S.R. using the modified technique. The introduction of the sequestrene-citrate method will extend the use of the sedimentation test in clinical practice.
